Introduction: Leprosy reactions, classified as type 1 and type 2 reactions, are acute clinical conditions of exacerbation of localized or systemic inflammatory response inpatients with leprosy. No laboratory biomarker is available to predict the emergence of these reactions. Neutrophil-to-lymphocyte ratio (NLR) is an accurate biomarker for diagnosis and prognosis of various inflammatory and neoplastic diseases. Objective: This study aimed to investigate the accuracy of the NLR in the diagnosis of leprosy reactions. Materials and methods: NLR was calculated for all patients and a receiver operating characteristic curve (ROC) were generated to identify the NLR cut-off point. Results: A total of 123 patients with leprosy were included, 98 with leprosy reactions of which 56 (45.5%) had type 1 and 42 (34.1%) with type 2. Mean NLR was higher among patients with reactions than among those without. It was also statistically higher among patients with type 2 reactions than in those with type 1 reactions. Receiver operating characteristic curves were generated to identify the NLR cut-off point. The area under the ROC curve was 0.794 for diagnosis of any leprosy reaction and 0.796 for the diagnosis of type 2 reaction. The NLR cutoff points for diagnosis of any leprosy reaction and for type 2 reaction were 2.75 (sensitivity 61.0%, specificity 92.0%, accuracy 77.0%) and 2.95 (sensitivity 81.0%, specificity 74.0%, accuracy 78.0%), respectively. Conclusion: These results suggest that NLR could be a potential biomarker for diagnosis of leprosy reaction and useful for discriminating patients with type 2 reactions from those with type 1 leprosy reactions.
Introduction
Leprosy is a chronic granulomatous infectious disease caused by Mycobacterium leprae, which mainly affects the skin and peripheral nervous system. If not recognized, the infection can lead to permanent nerve damage and progressive disability. The disease is hyperendemic in Africa, South America, and Asia; with increasing migrations around the world, new cases have been increasingly detected in developed countries (WHO, 2016) .
According to World Health Organization (WHO) guidelines, patients with five or fewer skin lesions generally do not have bacilli in skin smears and are classified as paucibacillary. Those with five or more skin lesions may have positive smear microscopy and therefore are classified as multibacillary (WHO, 2012) . Cellular immunity plays a relevant role in disease evolution. Lymphocytes from paucibacillary patients demonstrate appropriate function against M. leprae, proliferating in response to bacillus antigens. In contrast, multibacillary patients do not exhibit proliferation against these antigenic stimuli and thus are not able to eliminate the bacilli (Nath et al., 2015) . Based on cutaneous findings, motor alterations, sensory alterations, and histologic alterations, leprosy can be classified more precisely as indeterminate, tuberculoid, borderline, and lepromatous. A strong cell-mediated immune response and weak humoral response characterize the immunity of the tuberculoid form of the disease. The opposite is observed in the lepromatous form (Jacobson and Krahenbuhl, 1999) .
Leprosy reactions, which can be classified as type 1 or type 2 reactions, are acute clinical conditions of exacerbation of localized or systemic inflammatory response in patients with leprosy. Type 1 reactions are caused by activation of the cellular immune response to M. leprae antigens. Clinically, there is increased inflammation of preexisting skin lesions and intense neuritis, which can lead to impairment of sensory and motor neurons of the affected region. Systemic symptoms are rare, and visceral impairment does not occur. Treatment of type 1 reactions is mainly accomplished with high doses of prednisone (Raffe et al., 2013) . On the other hand, type 2 leprosy reactions, or erythema nodosum leprosum, involve acute inflammation of the dermal vessels as well as acute inflammation of subcutaneous and other tissues invaded by the bacilli. The typical clinical sign of this reaction is the sudden onset of a large number of painful erythematous nodules throughout the body. The recurrence of type 2 reactions is frequent and may persist for years (Scollard et al., 2006) . Laboratory findings associated with type 2 reactions comprehend increased acute phase proteins, including C-reactive protein (CRP), α1-antitrypsin (Kahawita and Lockwood, 2008) , α1-acid glycoprotein (Gupta et al., 2010) and gamma globulins (Foss and Motta, 2012) . The treatment of type 2 reactions consists of administration of corticosteroid, pentoxifylline, or thalidomide (Raffe et al., 2013) .
With the objective of eliminating leprosy in the world, the World Health Organization recently presented actions to reduce leprosyinduced deficiencies and sequelae, mainly directed against leprosy reactions (WHO, 2016) . The immediate diagnosis of the reactional episodes significantly contributes to recovery of the patient, reducing the risks of permanent tissue damage (Lockwood and Saunderson, 2012) . Unfortunately, these reactions are often diagnosed late because of unprepared health services (Raffe et al., 2013) . Therefore, reliable tests for the early diagnosis of leprosy reactions can make a big difference in the clinical outcomes of the disease. However, a major obstacle to development of such tests is the lack of reliable biomarkers associated with type 1 and type 2 reactions in patients with leprosy in endemic areas.
The total leukocyte count can increase dramatically in response to infections, trauma, unhealthy diet, and chronic physiological or psychological stress (Riley and Rupert, 2015) . Neutrophils are leukocytes that act in the early phase of leprosy, by phagocytosis of the bacillus and release of pro-inflammatory mediators. Among the various parameters related to blood leukocytes, the neutrophil-to-lymphocyte ratio (NLR) stands out and is significantly associated with the systemic inflammation (Papa et al., 2008; Benites-Zapata et al., 2015) . This was first studied in 1995 in patients with acute appendicitis (Goodman et al., 1995) and has been recently reemphasized (de Jager et al., 2012) . In fact, several studies concerning NLR have been published in the last 3 years, highlighting its importance as an independent prognostic factor for solid tumor (Templeton et al., 2014) and as an inflammatory biomarker in several acute and chronic cardiovascular and metabolic diseases (Bhat et al., 2013) . As NLR combines neutrophils and lymphocytes in its calculation, it is considered more stable than absolute neutrophil or lymphocyte counts (Dirican et al., 2015) . NLR is accepted as a parameter that reflects the negative effects of high numbers of neutrophils that indicate an acute inflammatory response. Beside this, NLR also reflects the effects of low numbers of lymphocytes that indicate the simultaneous deterioration of general health and physiological stress (Yamanaka et al., 2007) .
NLR has been studied in several inflammatory states and neoplastic diseases including ulcerative colitis (Torun et al., 2012) , acute pancreatitis (Azab et al., 2011) , breast cancer (Azab et al., 2012) , lung cancer (Cedr es et al., 2012) , and hepatocellular carcinoma (Gomez et al., 2008) . As for infections, NLR is a predictor of the severity and clinical outcome in patients with community-acquired pneumonia (de Jager et al., 2012) or bacteremia (Loonen et al., 2014) .
Identification of accurate biomarkers for diagnosis and follow-up of patients with chronic diseases, including leprosy, will enable improved evaluation of their clinical characteristics and the diagnosis of those more susceptible to complications. NLR is a biomarker that is easily obtained and available in clinical practice. The objective of this study was to describe NLR values in patients with leprosy and to evaluate the role of NLR in the diagnosis of patients with leprosy reactions of types 1 and 2. To the best of the authors' knowledge, no research on NLR related to diagnosis of leprosy reactions has yet been conducted.
Materials and methods
This was a cross-sectional descriptive study of data obtained from medical records of patients seen between June 2012 and August 2015 at the Reference Centre for Tropical Diseases of the Júlio Müller University Hospital, Cuiab a, Brazil. Eligible patients were aged between 18 and 69 years and had a confirmed diagnosis of leprosy based on dermatoneurological or laboratory examination. Patients with other mycobacteriosis, autoimmune diseases, neoplasms, diabetes mellitus, or evidence of any type of immunodepression, such as HIV/AIDS or use of immunosuppressive drugs, were excluded from the analysis. Some patients had already completed treatment for leprosy, whereas others were still being treated or had started treatment after being admitted. This study was approved by the Research Ethics Committee of the Júlio Müller University Hospital, under approval number 19502.
Diagnosis of the leprosy reaction was made by physicians experienced in the diagnosis and treatment of leprosy and was confirmed by a second specialist physician. Patients were classified into three groups: type 1 leprosy reaction (R1), type 2 leprosy reaction (R2), and no leprosy reaction (NR). Eyes, hands, and feet were checked for symptoms and deformities. For sensory testing a nylon filament was used on the hands and feet to test protective sensibility. Disability grading was done according to the WHO-2-point scale (WHO, 2012) . For these patients, we recorded the following laboratory results: blood cell count, erythrocyte sedimentation rate, serum lipid levels, liver enzymes, glucose, urea, creatinine, lactic dehydrogenase, C-reactive protein, and α1-acid glycoprotein. The overall WBC count was determined for all of the samples using automated blood cell counting equipment (Sysmex XE-2100D, Kobe, Japan). NLR was calculated for all patients.
Treatment of the leprosy reaction and collection of blood to determine baseline values was initiated only after admission to the study. All patients with type 1 reactions received oral prednisone (40-80 mg/day for 4 weeks), and then the prednisone was gradually reduced. Type 2 reactions were treated with thalidomide, 100-400 mg/day, except when contraindicated. In type 2 reactions, prednisone has been associated with concomitant neuritis or necrotic erythema nodosum (Raffe et al., 2013) .
A descriptive analysis was initially performed for all study variables. Values are reported as mean AE standard deviation. The Shapiro-Wilk test was used to verify normality for the distribution of the biochemical and hematological results. Since all analyzed parameters showed non-normal distributions, the non-parametric Mann-Whitney test was used to compare continuous variables between groups. Proportions were compared using Pearson's chi-square test. A receiver operator characteristic (ROC) curve was constructed to evaluate the sensitivity and specificity of NLR for diagnosis of leprosy reactions, as well as the type of leprosy reaction. The area under the curve (AUC) was calculated; higher values indicate greater discriminatory capacity of the leprosy reaction type. Youden's Index J was calculated to define empirical cut-offs corresponding to sensitivity and specificity values less likely to have occurred at random (Bantis et al., 2014) . The AUC confidence interval (CI) was calculated using a non-parametric assumption. A value of p < 0.05 was considered to represent a statistically significant difference. Statistical analyses were performed using Stata software (Stata Corporation, College Station, TX, USA).
Results
One hundred twenty-three leprosy patients sought treatment at the reference center during the study period; 25 (20.3%) of whom had tuberculoid leprosy, 56 (45.5%) had borderline leprosy, and 42 (34.2%) had lepromatous leprosy. Thirteen patients (10.6%) were classified as having paucibacillary leprosy, and 110 (89.4%) as having multibacillary leprosy. A skin lymph smear examination was performed in 104 (84.6%) patients and was positive in 87 (83.7%) of them. In multibacillary patients, the bacilloscopic index ranged from 0.25 to 9.0, and it was equal to or greater than 3.0 in 58 (55.8%) patients (Table 1 ). The majority of the patients were male (74.0%), with a mean age of 41.4 AE 12.6 years. Comorbidities diagnosed in these patients after inclusion in the study included systemic arterial hypertension (8.9%), smoking (19.5%), and hyperlipidemia (5.7%). The evaluation exam for disability at the beginning of treatment showed some degree of functional impairment in 53 (43.1%) patients (Table 1) .
At the initial evaluation, 98 (79.7%) patients presented leprosy reactions, 56 (45.5%) with type 1 and 42 (34.1%) with type 2. MDT was started after inclusion in the study for 37 patients: 13 with no reaction, 20 with type 1 reaction, and 4 with type 2 reaction. Forty-one (32.3%) patients had already completed leprosy treatment (28 with type 2 reactions and 13 with type 1 reactions) and 45 were still on MDT (12 with no reaction, 23 with type 1 reactions, and 10 with type 2 reactions). Leprosy reactions were more frequent in patients with borderline and lepromatous leprosy, in patients with positive bacilloscopy, in patients with a bacilloscopic index !3, and in patients who had received treatment or were being treated for leprosy at the time of inclusion in the study (Table 1) .
Mean neutrophil count was significantly higher among patients with any leprosy reaction, regardless of whether they had type 1 or type 2 reactions, as well as those with multibacillary leprosy and those with a bacilloscopic index !3. However, no association was observed between lymphocyte count and leprosy reactions. In contrast, mean NLR was higher (p < 0.001) among patients with leprosy reactions (6.1 AE 10.8) than among those without reactions (2.0 AE 0.7). Mean NLR was also higher among patients with a type 2 reaction (9.7 AE 2.4; p < 0.001) than among those with a type 1 or with no leprosy reaction (3.4 AE 2.5). Lower NLR were observed among patients with type 1 or with no leprosy reaction (Table 2, Figure 1 ).
For patients with multibacillary leprosy, mean NLR was 5.7 AE 10.2, which was higher than that for patients with paucibacillary leprosy (2.0 AE 0.9). Despite the small number of paucibacillary patients in the study sample (n ¼ 12), this difference was statistically significant (p ¼ 0.002). Mean NLR (SD) in patients with a bacilloscopic index !3.0 was 6.2 (6.3) and was not different (p ¼ 0.114) from that of patients with an index <3, who showed a value of 5.3 (14.2) ( Table 2) . Considering all NLR values, the AUC (95% CI) was 0.794 (0.709; 0.878) for diagnosis of any leprosy reaction. AUCs (95% CI) of 0.796 (0.709; 0.883) and of 0.423 (0.321; 0.525) were found for diagnosis of type 2 reaction and type 1 reaction, respectively. The NLR cutoff point for diagnosis of any leprosy reaction was 2.75 (sensitivity 61.0%, specificity 92.0%, and accuracy 77.0%). For diagnosis of type 2 leprosy reaction, the NLR cutoff point was 2.95 (sensitivity 81.0%, specificity 74.0%, and accuracy 78.0%). For diagnosis of type 1 leprosy, NLR was not sufficiently accurate (Figure 2, A, B and C) .
Discussion
This study evaluated NLR as a diagnostic biomarker of reactional states in patients with leprosy. There was a high frequency of leprosy reactions in the patients who had been referred for diagnosis and treatment of leprosy in the studied reference center in Brazil. Patients with any leprosy reaction and those with type 2 leprosy reaction had a significantly higher NLR than in patients with a type 1 leprosy reaction. NLR values of 2.75 and 2.95 were valid to significantly differentiate a patient with any leprosy reaction and those with a type 2 reaction, respectively, with high sensitivity and high specificity.
Currently, there are no laboratory biomarkers available to predict the onset of leprosy reactions among patients newly diagnosed with the infection. Early diagnosis of these reactions is not always easy and is based only on clinical characteristics of the patients. In clinical practice, the diagnosis requires observing the patient until the diagnosis becomes obvious and the treatment response demonstrates an avoidance of complications. Thus, the use of increased NLR levels in peripheral blood of patients with leprosy may represent a simple, non-invasive biomarker with high sensitivity and reasonable specificity for the safe diagnosis of leprosy reactions, especially of type 2 reaction.
The host inflammatory response plays an important role in development and progression of the leprosy reaction. Non-invasive inflammatory biomarkers, such as C-reactive protein, erythrocyte sedimentation rate, leukocyte count, procalcitonin, interferon alpha, and tumor necrosis factor α (TNF-α) have been widely used to improve diagnostic accuracy of leprosy reactions (Iyer et al., 2007; Carvalho et al., 2018) . However, none of these biomarkers are useful for discriminating patients with leprosy reactions or predicting disease evolution regarding complications.
The mechanism that determines the elevation of NLR in the leprosy reaction remains uncertain. However, increasing evidence shows that leukocytes and leukocyte subtypes are classic indicators of inflammation 
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Heliyon 6 (2020) e03369 (Horne et al., 2005) and that NLR is a biomarker of subclinical inflammation (Templeton et al., 2014) ). Lymphocytes produce TNF-α, a proinflammatory cytokine that plays a main role in the innate immune response (Locksley et al., 2001) . Moreover, Th17 cells, a subgroup of lymphocytes, produce interleukin 17 (IL-17), which is also produced by neutrophils (Lowes et al., 2008) . Both TNF-α and IL-17 stimulate production of inflammatory mediators, which involve an increase of circulating cells. Therefore, NLR seems to adequately reflect this involvement and the systemic inflammation in patients with leprosy reaction. This concept is supported by the high number of circulating neutrophils observed in this study, although the pathogenetic mechanisms to explain this change are unclear.
In severe infections or systemic inflammation, NLR increases as a consequence of the severity of the clinical status and/or the clinical outcome of the patient (Zahorec, 2001) . Recently, NLR showed greater prognostic power than that of traditional inflammatory biomarkers of infection (CRP, total leukocyte count, and neutrophil count) in youth and adults with acute community-acquired pneumonia (de Jager et al., 2012; Cataudella et al., 2017) .
In the present study, the highest NLR was observed in the type 2 leprosy reaction. The interaction of neutrophils with M. leprae is still poorly understood, mainly due to the long incubation time (Holzer et al., 1988) . However, during the type 2 leprosy reaction, cell dysfunction and elevated circulating levels of antigen-antibody immune complexes are evident (Kahawita and Lockwood, 2008) . These changes are associated with increased levels of proinflammatory cytokines, and the inflammatory infiltrate is predominantly neutrophilic, accompanied by vasculitis of the subcutaneous adipose tissue and neutrophilia in the peripheral blood (Scollard et al., 2006; Kahawita and Lockwood, 2008) . Therefore, this neutrophilia justifies the highest NLR mean found in patients with type 2 reactions in the current study. In contrast, changes related to neutrophils are irrelevant in type 1 leprosy reactions (Naafs and van Hees, 2016) , which could explain the lack of association of NLR in this group of patients.
The diagnostic accuracy of NLR was high for diagnosis of a type 2 reaction (AUC ¼ 0.796). This AUC value was higher than those observed in previous studies that evaluated NLR for diagnosis or prognosis of other infectious diseases (Mentis et al., 2016; Kartal and Kartal, 2017; Djordjevic et al., 2018) . Therefore, it is plausible that the validity of the NLR cutoff obtained in this study was high for the diagnosis of the type 2 leprosy reaction.
Some limitations need to be recognized in the present study. A gold standard test for the diagnosis of leprosy reactions does not yet exist. In the current study, diagnosis was made based only on clinical manifestations, thus there may have been misdiagnoses. Another relevant aspect is that NLR is affected by other potential comorbidities, such as the metabolic syndrome, conditions related to inflammation, coinfections, or other factors such as nutritional status or smoking (Balta et al., 2013; Abakay et al., 2015) . However, the frequency of these comorbidities was low among the patients of the study, thus this limitation did not likely affect the results. As neutrophilia and lymphocytopenia are typical phenomena of the innate immune response to various stressful insults, it is very likely that the neutrophil-to-lymphocyte ratio is increased in other acute events, making this ratio unspecific for the diagnosis of leprosy reaction. Further studies are needed to better understand the specificity of NLR for the diagnosis of the lep reaction.
In conclusion, this study constitutes a first approach to NLR as a diagnostic biomarker of leprosy reactions and compares its capacity to distinguish between type 1 vs. type 2 leprosy reactions using ROC curves. There is a need for additional biomarkers for the clinical diagnosis of these reactions; this need is reinforced by the high prevalence of leprosy in endemic areas that are poor around the world where health services are generally poorly structured. The discovery of simple and low-cost tools, such as NLR, could greatly increase the sensitivity of the screening and confirmation of leprosy reactions and consequently contribute to improved control of disease complications. Additional studies, especially prospective studies, are needed to confirm this conclusion.
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